Abstract: About 20%-50% of patients in hospitals are undernourished. The number varies depending on the screening tool amended and clinical setting. A large number of these patients are undernourished when admitted to the hospital, and in most of these patients, undernutrition develops further during hospital stay. The nutrition course of the patient starts by nutritional screening and is linked to the prescription of a nutrition plan and monitoring. The purpose of nutritional screening is to predict the probability of a better or worse outcome due to nutritional factors and whether nutritional treatment is likely to influence this. Most screening tools address four basic questions: recent weight loss, recent food intake, current body mass index, and disease severity. Some screening tools, moreover, include other measurements for predicting the risk of malnutrition. The usefulness of screening methods recommended is based on the aspects of predictive validity, content validity, reliability, and practicability. Various tools are recommended depending on the setting, ie, in the community, in the hospital, and among elderly in institutions. The Nutrition Risk Screening (NRS) 2002 seems to be the best validated screening tool, in terms of predictive validity ie, the clinical outcome improves when patients identified to be at risk are treated. For adult patients in hospital, thus, the NRS 2002 is recommended.
Background
About 20%-50% of all patients in hospitals are found at risk of undernutrition, depending on the definition, clinical setting, and screening tool amended. A large part of these patients are at nutritional risk when admitted to hospital, and in most of the patients, undernutrition develops negatively during hospital stay. 1, 2 The elderly patients and patients suffering from chronic diseases are more exposed to nutritional risk than other patients. [3] [4] [5] Despite three decades of collective development of knowledge, contemporary malnutrition rates do not appear to have reduced significantly. [5] [6] [7] [8] [9] This can be prevented if special attention is paid to nutritional care of patients. Routine identification by purposeful nutritional screening is paramount as the first stage in patient care in order to identify at-risk patients, with a view to providing nutritional support if necessary. 10, 11 The purpose of this article is to provide a sound basis for understanding that screening procedures are aimed at different populations and to support consideration to the continuity of the nutritional care process in clinical practice, as recommended by the European Society for clinical Nutrition and Metabolism (ESPEN). Notes: REQ (requirements of energy and protein), feeding (ie, food, supplements, tube feeding, and parenteral nutrition), monitoring (weight and food registration).
ESPEN guidelines for nutrition screening recommend a continuity of issues to be considered in all patients admitted to hospital (Figure 1 ): 1. Initially on admission, a simple nutritional screening is to be done to identify patients at actual nutritional risk. 2. Subsequently, for patients at nutritional risk, a thorough nutritional assessment is to be completed. 3. This stage leads to an individual evaluation of nutritional requirements and a plan for nutrition therapy and care. 4. Monitoring and defining targeted outcome should be structured in order to reconsider therapy and care planning. Finally, information about the results of screening, assessment, planning, and monitoring should be communicated to other health care professionals when the patient is transferred either back to the community or to another institution. [12] [13] [14] In order to give priority to nutritional intervention for relevant patients, nutritional screening with regard to nutritional status and acute disease has been developed and validated in different populations. [15] [16] [17] [18] [19] There is still no clear consensus on a definition of undernutrition or on a gold standard method of identification. Nevertheless, malnutrition has been offered numerous definitions. [20] [21] [22] Simply stated in this context, malnutrition is a suboptimal nutrient status appearing as a consequence of deficiency of nutrients. However, this definition neglects the numerous causes of malnutrition. An International Guideline Committee has recently proposed an etiologybased approach that incorporates a current understanding of the inflammatory response encountered in many patients. The Committee proposed the following nomenclature for nutrition diagnosis in adults in the clinical practice setting: "starvation-related malnutrition" for chronic starvation without inflammation; "chronic disease-related malnutrition" when inflammation is chronic and of a mild to moderate degree; and "acute disease or injury-related malnutrition" when inflammation is acute and of a severe degree. 23 The causes of malnutrition in patients are, thus, included in the relevant definition. As such, screening tools, which neglect to include relevant parameters, may be less efficacious in identifying malnutrition risk. Up till now, disease-related malnutrition can be treated, and nutrition-related complications, such as infections, length of hospital stay (LOS), and mortality, can be improved.
The purpose of this article is to give simple guidelines as to how undernutrition, or risk for the development of undernutrition, can be detected, by proposing a set of standards that are practicable for general use in patients and clients within present health care resources.
Detection -the purpose of screening
The purpose of nutritional screening is to predict the probability of a better or worse outcome due to nutritional factors and whether nutritional treatment is likely to influence this. Outcome from treatment may be assessed in a number of ways: 1. Improvement or at least prevention of deterioration in mental and physical function.
2. Reduced number or severity of complications of disease or its treatment. 3. Accelerated recovery from disease and shortened convalescence. 4. Reduced consumption of resources, eg, LOS and other prescriptions. Therefore, the nutritional impairment identified by screening should be relevant to these aims and outcomes and may vary according to circumstances, eg, age or type of illness. In the community, undernutrition, with or without chronic disease, may be the primary factor determining the mental or physical function of an individual. Hence, actual undernutrition will define the outcome of nutritional treatment. In hospital, disease factors assume a greater importance with diseaseassociated undernutrition, assuming an important secondary role. Therefore, screening in the community can be focused primarily on the nutritional variables based on the results of semistarvation studies, such as those of Ancel Keys and his colleagues in 1950. 24 In hospitals, other aspects of disease need to be considered in combination with purely nutritional measurements in order to determine whether nutritional support is likely to be beneficial. Randomized controlled trials (RCTs) of nutritional support in particular disease groups may, therefore, provide important evidence on which our criteria of diagnosing or defining nutritional risk are based.
Evaluation -the methodology of screening
The usefulness of screening tools can be evaluated by a number of methods. The ideal screening test has a high sensitivity (ie, it is positive in those patients who have the condition) and a high specificity (ie, it is negative in those patients who do not have the condition). A high sensitivity is important where an undetected condition has dire consequences (eg, mortality). Furthermore, it is not enough to document an association between two factors to assess the efficacy of screening tools to measure (or predict) the outcome in the future. 25, 26 For this purpose, it is necessary to look at the proportion of people with either a positive or negative test, which is correctly diagnosed, ie, the predictive value of the test applied. This is to avoid labeling a person with an incorrect condition (ie, "overdiagnosing"), which may cause anxiety to people who are not at risk, as well as the risk of overtreatment. 27 These aspects of sensitivity, specificity, and predictive values of test results are, however, only a fraction of all aspects of the validity of a screening tool, according to Trochim and Donnelly. 28 Validity focuses on whether the method is relevant to the problem under investigation. Validity is composed of several major subitems, one of which is construct validity. Construct validity describes the agreement between the diagnostic problem perceived as a concept (the construct) and what is actually done. Construct validity is composed of two main components: translation validity and criterion validity.
Translation validity deals with how the new method agrees with the construct in terms of face validity, ie, the new method seems to be right according to the experts in the field and in terms of content validity, ie, the new method includes all the elements of the problem, as seen relevant to the experts in the field, and no other elements than these. Translation validity can be obtained by including a number of experts in the development of the diagnostic method. These experts should represent the areas in which the new method will be used. For international use, the experts should also represent many countries.
Criterion validity is the comparison of the new method with other objective measures that are already accepted as having high translation validity. Predictive validity indicates that a specified event will occur in patients tested positive with the new test. For clinical use of screening in individual patients, it is not sufficient that an unfavorable event will occur as predicted. It is also required that the clinical course can be improved by treating the condition in accordance with the World Health Organization (WHO) Principles in Screening for Disease: "There should be an acceptable treatment for patients with recognizable disease" and that "Treatment at the presymptomatic, borderline stage of disease should favourably influence its course and prognosis". 5, 26 This means that screening for malnutrition should not only result in a likelihood of the diagnosis of malnutrition and a likelihood of adverse outcome but also in the likelihood that outcome will improve by nutritional treatment. The screening result should be useful both for diagnosis and prognosis, as well as an indication for treatment.
Other aspects of criterion validity are convergent validity, which refers to an agreement with an already established method (≈sensitivity), and concurrent validity, which refers to not falsely identifying groups of subjects without the condition (≈specificity). Related to these is the discriminate validity, which more specifically is a distinction from another condition in the subject, eg, the normal body mass index (BMI; height in meter nutritional support improves outcome, independent of the effect of the underlying disease. Finally, external validity is the extent to which data obtained in one center are applicable to other centers, (cf the argument for multicenter, multinational studies).
The predictive validity is of major importance, ie, the individual identified to be at risk by the method is likely to obtain a health benefit from the intervention arising from the results of the screening. This can be obtained in various ways, as described for the individual screening tools below.
A screening tool must additionally have a high reliability, ie, little interobserver variation. It must also be practical, ie, those who are going to use the tool must find it rapid, simple, and intuitively purposeful. It should not contain redundant information, eg, information about vomiting or dysphagia is unnecessary when dietary intake is part of the screening. The etiology of reduced dietary intake belongs to assessment or is incorporated into the nutritional care plan. Several other aspects of evaluating screening tools are described in an analysis of 44 nutritional screening tools. 5 Finally, a screening tool should be linked to specified protocols for action, eg, referral of those screened at risk to an expert for more detailed assessment and care plans.
Components of nutritional screening according to ESPEN guidelines
Screening tools are designed to detect protein and energy undernutrition and/or to predict whether undernutrition is likely to develop or worsen under the present and future conditions of the patient or client. Therefore, screening tools embody the following 4 main principles: 1. Actual condition? Height and weight allow calculation of BMI. Ranges for BMI are as follows: normal, 20-25; obesity, .30; borderline underweight, 18.5-20; and undernutrition, ,18.5. In cases where it is not possible to obtain height and weight, eg, in some severely ill patients, a useful surrogate may be mid-arm circumference, measured at the upper-arm midway between the acromion and the olecranon. This can be related to centiles of tables for the particular population, age, and sex. 23 BMI may be less useful in growing children and adolescents, and in the very elderly. Nevertheless, the BMI in general provides the best overall accepted measure of weight for height. Variables 1-3 should be included in all screening tools, whereas the fourth variable is relevant mainly in the hospital setting. In screening tools, each variable should be given a score, thereby quantifying the degree of risk and allowing a direct link to a defined course of action.
Different screening tools for different settings In the hospital: Nutrition Risk Screening 2002 for adults
Nutrition Risk Screening (NRS) 2002 was established by using a retrospective analysis of controlled trials and the nutritional criteria or characteristics and clinical outcome in these studies ( Table 1) . The system was developed on the assumption that the indications for nutritional support are the severity of undernutrition and the increase in nutritional requirements, resulting from the disease, ie, the severe undernutrition or severe disease by themselves or in varying combinations may indicate the need for nutritional support. This will also include patients who are not undernourished at the time but are at risk of becoming so because of disease and/ or its treatment, eg, major trauma, surgery, or chemotherapy, since both may cause impairment of food intake and increased stress metabolism. The concept of relating nutritional status to severity of disease is well recognized, as displayed for example in the decision box, which emphasizes the need for acting on possible further impairment of nutritional status during the clinical course of the disease. These concepts Has the patient had a reduced dietary intake in the last wk? 4
Is the patient severely ill? (eg, in intensive therapy) Yes: If the answer is "Yes" to any question, the screening in step 2 is performed. No: If the answer is "No" to all questions, the patient is rescreened at weekly intervals. If the patient, eg, is scheduled for a major operation, a preventive nutritional care plan is considered to avoid the associated risk status.
Step 
Score:
+ Score: = Total score: Age if $70 y: add 1 to total score above = age-adjusted total score Score $3: the patient is nutritionally at risk, and a nutritional care plan is initiated Score ,3: weekly rescreening of the patient. If the patient, eg, is scheduled for a major operation, a preventive nutritional care plan is considered to avoid the associated risk status.
Notes: NRS 2002 is based on an interpretation of available randomized clinical trials. Nutritional risk is defined by the present nutritional status and risk of impairment of present status, due to increased requirements caused by stress metabolism of the clinical condition. A nutritional care plan is indicated in all patients who are (1) severely undernourished (score = 3), (2) severely ill (score = 3), (3) moderately undernourished + mildly ill (score 2 + score 1), or (4) mildly undernourished + moderately ill (score 1 + score 2). Diagnoses shown in italics are based on the prototypes for severity of disease given below: 1. Score = 1: a patient with chronic disease, admitted to hospital due to complications. The patient is weak but out of bed regularly. Protein requirement is increased, but can be covered by oral diet or supplements in most cases. 2. Score = 2: a patient confined to bed due to illness, eg, following major abdominal surgery. Protein requirement is substantially increased, but can be covered, although artificial feeding is required in many cases. 3. Score = 3: a patient in intensive care with assisted ventilation etc. Protein requirement is increased and cannot be covered even by artificial feeding. Protein breakdown and nitrogen loss can be significantly attenuated. a a trial directly supports the categorization of patients with that diagnosis. Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; APACHE, acute physiology and chronic health evaluation.
are illustrated both by the study of Bastow et al 32 in elderly women with fractured neck of femur, which showed that nutritional support was effective only in those patients who were particularly undernourished but not in those patients who were less undernourished, and by the study of Müller et al, 33 which showed that the positive effect of perioperative nutritional support disappeared when the surgical technique was changed from a transthoracic procedure to a less-invasive stapling procedure.
This screening system, which was designed to include measures of current potential undernutrition and disease severity, was then validated against all controlled trials of nutritional support in order to evaluate whether it was capable of distinguishing those with a positive clinical outcome from those that showed no benefit from nutritional support. The analysis and the recommendations were reviewed and discussed with an ESPEN ad hoc working group under the auspices of the ESPEN Educational Committee.
The purpose of the NRS 2002 system is to detect the presence of undernutrition and the risk of developing undernutrition in the hospital setting. 29 The NRS 2002 system contains the nutritional components of Malnutrition Universal Screening Tool (MUST), and in addition, a grading of severity of disease as a reflection of increased nutritional requirements. It includes submit your manuscript | www.dovepress.com
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Rasmussen et al four questions as a prescreening for departments with few at-risk patients. With the prototypes for severity of disease given, it is meant to cover all possible patient categories in a hospital. A patient with a particular diagnosis does not always belong to the same category. A patient with cirrhosis, for example, who is admitted to intensive care because of a severe infection, should be given a score of 3, rather than 1. It also includes old age as a risk factor, based on RCTs in elderly patients. 19 
Evaluation
The predictive validity of NRS 2002 has been documented by applying it to a retrospective analysis of 128 RCTs of nutritional support, which showed that RCTs with patients fulfilling the risk criteria had a higher likelihood of a positive clinical outcome from nutritional support than RCTs of patients who did not fulfill these criteria. 29 In addition, it has been applied prospectively in a controlled trial with 212 hospitalized patients selected according to this screening method, which showed a reduced LOS among patients with complications in the intervention group (when adjusted for occurrence of operation and death). 28 Its content validity was maximized by involving an ESPEN ad hoc working group under the auspices of the ESPEN Educational and Clinical Practice Committee in the literature-based validation. It has also been used by nurses and dieticians in 2 years of implementation study in three hospitals (local, regional, and university hospital) in Denmark, 34 which indicated that staff and investigators seldom disagreed about the patient's risk status. Its reliability was validated by interobserver variation between a nurse, a dietitian, and a physician with a κ = 0.67. Its practicability was shown by the finding that 99% of 750 newly admitted patients could be screened. The incidence of at-risk patients was about 20%. 34 
In the community: MUST for adults
The purpose of the MUST system is to detect undernutrition on the basis of knowledge about the association between impaired nutritional status and impaired function. 8 It was primarily developed for use in the community.
Evaluation
The predictive validity of MUST in the community is based on the previous and recent studies of the effect of semistarvation or starvation on mental and physical function in healthy volunteers, concurrent validity with other tools, and utilization of health care resources. The new series of studies describe the impairment of function as a result of various extents of weight loss, with various rates of weight loss, from various initial nutritional statures (low or high BMI). 2 It has been documented to have a high degree of reliability (low interobserver variation) with a κ = 0.88-1.00. Its content validity has been assured by involving a multidisciplinary working group in its preparation. Its practicability has been documented in a number of studies in different community regions in the United Kingdom. 8 The tool has recently been extended to other health care setting, including hospitals, where again it has been found to have excellent interrate reliability, concurrent validity with other tools, and predictive validity (LOS, mortality in elderly wards, and discharge destination in orthopedic patients).
The elderly: Mini Nutritional Assessment
The purpose of Mini Nutritional Assessment (MNA) is to detect the presence of undernutrition and the risk of developing undernutrition among the elderly in home-care programs, nursing homes, and hospitals. The prevalence of undernutrition among the elderly may reach significant levels (15%-60%) under these circumstances. 35 The screening methods mentioned earlier will detect undernutrition among many elderly patients, but for the frail elderly, the MNA screening is more likely to identify the risk of developing undernutrition and undernutrition at an early stage, since it also includes physical and mental aspects that frequently affect the nutritional status of the elderly, as well as a dietary questionnaire. It is, in fact, a combination of a screening and an assessment tool, since the last part of the form is a more detailed exploration of the items in the first part of the form.
Evaluation
The predictive validity of MNA has been evaluated by demonstrating its association with adverse health outcome, 36 social functioning, 37 mortality, and a higher rate of visits to the general practitioner. 15, 25, 27 In a randomized trial of elderly patients at risk according to MNA, those patients who were given oral supplements had increased body weight, but not grip strength; and in another similar (but small) randomized trial of elderly in a nursing home, the dietary intake was increased in the intervention group, but no functional or clinical outcome data were reported. 38, 39 However, MNA has a low efficacy with regard to predicting future malnutrition or adverse health outcomes for old people screened positive at baseline. 40 Four stages in the sequence of malnutrition can be defined beginning with (1) risk factors, then progressing to (2) inadequate dietary intake relative to nutritional needs, (3) anthropometrical changes, and finally (4) measurable health outcomes. 41 MNA contains items from several stages along the pathway from risk factors (eg, cognitive performance or social isolation) to adverse health outcomes (eg, disability or disease). This might explain the limited predictive capacity. Finally, the MNA was originally validated in relatively healthy old people. 8 Hence, a number of the questions target independently living old people and not a frailer population, which have been the target population in most of the prospective studies. Also, it is wise to evaluate a screening test on old people with the same prevalence of the outcome as those for whom the test will be used in the future.
The content validity has not been reported. The reliability (interobserver variation) was estimated, with a κ = 0.51. The MNA takes ,10 minutes to complete, and its practicability has been shown by its use in a large number of studies.
35
Predictive validity vs meta-analyses of treatment
The predictive validity reported here needs to be commented upon in relation to recent meta-analyses or systematic reviews. Such analyses suggest that nutritional support by the enteral or oral route improves functional capacity and clinical outcome and reduces LOS and mortality. 16, 42 In a meta-analysis of studies on parenteral nutrition, 12 it is pointed out that there are inadequate data to assess the efficacy of parenteral nutrition in patients who are severely undernourished, who have highly catabolic disease processes, or who cannot be provided with enteral nutrition for several weeks. These are, in fact, the patients who most commonly receive supportive parenteral nutrition nowadays, and for ethical reasons, probably, there will not be any randomized trials available in the future either. Most of the studies available deal with the grey area of patients who are less undernourished or not undernourished and/or are mildly -moderately catabolic. With these studies at hand, it was difficult to identify clinical conditions where parenteral nutrition would be clinically effective. 12 However, the literature analysis mentioned earlier suggests that parenteral nutrition is clinically effective in patients who rather more than just fulfill the criteria for being nutritionally at risk. 26 Furthermore, nutrients known to be essential for healthy humans are also essential for patients, and therefore, the required documentation is not to confirm the essentiality of nutrients among patients, but rather to define when a certain form of nutritional support is more beneficial than leaving the patient to develop nutritional deficiencies. Therefore, metaanalyses and systematic reviews of nutritional support are too simplistic, if performed by analogy with treatment using a new drug. Finally, a nutritional care plan in most cases will involve food, oral supplements, tube feeding, and parenteral nutrition often used interchangeably in the same patient, whereas most of the randomized trials and meta-analyses have dealt with studies of single modality treatments. The predictive validity of a screening tool, therefore, cannot be directly based on meta-analyses available at present.
Conclusions
Screening should be a simple and rapid process, which can be carried out by busy admitting nursing and medical staff. It should be sensitive enough to detect all or nearly all the patients at nutritional risk. There are some advantages in registering disease severity and nutritional status, since the 2 interact. Moderate malnutrition may be more significant in the presence of severe disease. It should be capable of being scored numerically and audited and should lead to appropriate and explicit action.
Most screening tools address 4 basic questions: recent weight loss, recent food intake, current BMI, and disease severity or some other measure of predicting risk of malnutrition. In 2003, ESPEN published guidelines for nutritional screening in the community, in the hospital, and among elderly patients in institutions. The usefulness of screening methods recommended is based on aspects of predictive validity, content validity, reliability, and practicability. The NRS 2002 seems to be the best validated screening tool, in terms of predictive validity, ie, the clinical outcome improves when patients identified to be at risk are treated. Other tools have less predictive validity, ie, it has not been shown that clinical outcome improves when those identified to be at risk is treated. On the other hand, they are considered more easily applicable and have gained some acceptance in various regions in Europe.
For adult patients in hospital, it is, thus, suggested to use the NRS 2002 (Table 1) . A score $3 generates a nutrition plan in all cases. If the patient is at risk, but metabolic or functional problems prevent the standard plan from being carried out, or if there is doubt as to whether the patient is at risk, a referral should be made to an expert for more detailed assessment. These recommendations may need to be modified in the light of future experience.
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